INTRODUCTION
However, here our concern is not primarily with the number of types but rather with how convincingly one can show that among cone bipolar neurons natural types truly exist.
The hypothesis that every retinal neuron belongs to a qualitatively distinct category ('type') has developed over roughly the last decade. Type refers to a unique set of features, including morphology, physiology, chemistry, and connections, that cluster in parametric space (Sterling 1982 (Sterling , 1983 Rodieck & Brening 1983 ). The hypothesis is potentially powerful because, if types are real, then to recognize them is to establish, in effect, a 'parts list' that can be used to study the functional architecture of retinal circuits ). The hypothesis is easy to accept where the number of categories is small and the distinctions between them are large, for example, the types A and B horizontal cells (Kolb 1974 To control for differences in eccentricity and differences between animals, an earlier study from our laboratory reconstructed bipolar cells from a small region of one retina (McGuire et al. 1984) . However, only 15 cells were examined in detail, so for many categories there was only one example. Thus the possibility remained that what seemed to be discrete categories really belong to a continuum.
In the present study we identified all the cone bipolar cells in a small patch of one retina. 
RESULTS (a) Nomenclature
Since one point of this paper is that 'type' is an attribute to be shown, the results section refers to cell groupings as 'categories', deferring until the discussion the issue of whether a category constitutes a natural type. In naming a category we follow the system of McGuire et al. (1984) 
(c) Neurons studied
In this patch of central retina sublamina b contained the arborizations of 42 cone bipolar axons. Thirty four of these were traced from somas in the inner nuclear layer (figure 2); eight axons, being close to one edge or another of the patch, could not be traced to somas. We reconstructed 13 out of the 34 bipolar cells (38 %). Based on certain morphological differences (to be discussed) we sorted the 13 cells into five categories. Then we studied the remaining 29 cells (in detail but without graphic reconstruction) to learn whether they fit easily into the established morphological categories or were intermediate. Finally, we reconstructed fully the synaptic patterns for two cells in each morphological category (except for category b5 which had only one member) and then studied the synaptic patterns on the remaining 29 cells. Our purpose was to see whether sorting the cells by their synaptic patterns would give the same result as sorting them by morphology. distribution. Some differences may be noted: the soma labelled b3 is deepest, and its ascending and descending processes are the thinnest; the dendritic field of the cell labelled b5 is the widest; the axon arborization of the cell labelled b4 is the flattest in the tangential plane; the b3 and b4 axons are the shallowest, and the b1 axon is the deepest. Whether these differences define categories obviously depends on the properties of the rest of the bipolar cells in the patch. this feature produces the same categories as sorting by the number of dyads and by morphology except that it does not separate categories b, and b4. The b2 axons contacted reciprocal and non-reciprocal amacrine processes about equally, while the b1, b3, and b4 axons showed moderate preferences for non-reciprocal processes (non-reciprocal: reciprocal ratios between 5: 1 and 2: 1). The b5 axon preferred non-reciprocal processes by a considerable margin (32: 1). One point that emerges from comparing tables 1 and 2 is that for each morphological category there seem to be fairly definite ratios of output sites to input sites. For categories bl-b4 these ratios are modest: 2.2, 1.3, 2.6, and 1.1. In contrast, the b5 axon had a marked preponderance of output sites, the ratio being 17.5.
To 03 pm2) . Thus although the b3 is not directly coupled to the All cell, it seems to be coupled indirectly to the All by way of the b4 axon. The b5 axon was the only one that was not found to be coupled to the All cell. We wished to classify the remaining 17 cells, mainly to study the mosaic distribution of each morphological category. However, the data that could be gathered for these cells tended to be fragmentary: eight cells had their axons within the series, but their somas and dendritic arborizations had been cut away; 10 cells had axons so near the edge of the series that observations were incomplete (figure 2). Where, for example, only half the axon arbor was present, it was impossible to determine reliably its stratification index or its total area of gap junctions with the All amacrine. To place three incomplete cells into the group that included b3 and b4 was straightforward: if a cell formed even one gap junction with another bipolar axon, it could belong only to this broad group. Then, if a cell in this group showed even a single All gap junction, it could only be a b4. Furthermore, b3s and b4s could also be separated by axon diameter which was measured for every cell in the population.
This left seven incomplete cells in the group that included b1s and b2s. To assign an incomplete cell to one of these categories was harder because the cells overlapped in axon diameter, stratification index, and presence of gap junctions with All amacrines. Where an axon was incomplete, its total gap junction area with AIIls could not be assessed. Then the only remaining criterion was whether the observed gap junctions were large (b,) or small (b2). Consequently, the last few positive identifications (table 5) became shakier. Still, no evidence of additional categories appeared.
Mosaic features Satisfied that each category (bl-b5) represents a natural cluster, rather than an arbitrary one such as might be produced by a 'splitter', we considered how each category was distributed in the retinal mosaic. These distributions (figure 17) were fairly even. They were also fairly dense with b1's distribution being slightly denser than the others. The A probable true difference from previous reports is that whereas Golgi studies (Kolb et al. 1981; Pourcho & Goebel 1987 ) describe only one category of cell with axon arborization restricted to stratum 3, we present evidence for two types, b3 and b4. We believe that in this case, the Golgi method either failed to impregnate one of the types or that the morphological differences between the types (compare our figures 7 and 8) are so subtle as to be lost in the 'noise' of variation between retinas and between different loci in the same retina. Given the basically good agreement with the Golgi work, it is fair to ask, what of significance has been added by the considerable effort of our study? What the Golgi method contributes are hypotheses: broadly, that retinal neurons belong to discrete categories, and narrowly, that particular examples deserve to have categories organized around them. To prove these hypotheses requires morphological evaluation of the whole population in a specific area, so as to test whether the differences between the impregnated (or injected) examples truly represent discrete differences between subpopulations. For example, the ganglion cell categories, 'alpha' and 'beta', were hypothesized from Golgi impregnations (Boycott & Wassle 1974) and later proved rigorously to represent true 'types' in a series of studies that included the whole population (Wassle et al. 1975; Wassle et al. 1981a, b) . The corresponding proof for the cone bipolar types that innervate sublamina b is one contribution of the present study.
Another contribution is the mapping of natural types onto the whole population of bipolar cells. Thus we now know for sublamina b just how many of the 19000 cone bipolar axons per square millimetre belong to each type; furthermore we know for each type the spacing (figure 17) and the axonal coverage factor. Finally, by identifying in this material every sublamina b bipolar cell by type, we set the stage for subsequent tracing of their circuitry in the outer and inner plexiform layers. Such studies, described in the companion paper (Cohen & Sterling 1990a ) and elsewhere (Cohen & Sterling 1990b , c), lead to the surprising conclusion that each cone is the source of about 10 qualitatively distinct parallel pathways to the inner plexiform layer, three of which converge upon the on-beta ganglion cell.
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